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* IONIC EXCHANGE IN FRESH AND AGED HYDROSOLS
OF ARSENIC SULFILE

By A. N. Kharin

As we know, ionic exchange plays an important part in the structural
change of a binary electric leyer of micelles and, in connection therewith,
{n the stability of colleid solutions. In the history of half a century
of study of this problem it is possible to find very different viewpoints
on rules governing ionic exchange in sols of arsenic sulfide, On many
problems, especially tl;at of the equivalence of ionie exchange, authors
[ .1-18_7 often contradict each cther. This impelled us to take up again
the study of ionic exchange in the Al253 sols, while taking into account
all the material already oollected on this subject. In spite of the opin-
ion of various authors [ 20, 17 et u.l\_7, we showed in our article [ 19_7
that arsenous acld digoovered in A3283 sols can never play the part of a
strong a.‘cid. Soluticns of Asy03 in water have a high pH value (of the
order of 5=6). The total acid content in them cannot be determined neither
by conductometric nor by potentiometric titration north alkali solutions
and hence reference to the fact thet acidification of aged sols (and the

acldity of their ultrafiltrates) depends on arsencus acid, contradicts

4he data cbtained by us on the properties of arsenous aoid., Becsuse of ;u;

the ineignificance of the acidic properties of Au203 polutions, the processes ?‘j

; for forming arsenite precipitates, for example by the equations 2HA80, + ﬁ

% +35012#Ba(A902)213»‘+ 2HC1, "uem rather improbsble to us, since it would be 7

. 2 difficult to admit thet a very week arsenous acid cculd, to an apprecieble ’g

R
4

degree, and at the low value pH® 3, displace a strong hydrochloric acid.

I . '
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Our experiment confirmed our opinion. After the addition of 5 cn3 of a

0.1 N sclution of BaOlz. 0;012 and HgOlz to 100 cn3 of a solution of chem

ically pure luzo3 (40 memol/1) not the slightast turbidity was discovered,

Stil1 less cculd arsenite precipitates be formed in acid intermicellar

fluide of As,Sy gole. What strong acide appeer in aging A|283 solsf What

complicates the ionic exchange in uzoa aollhng'\g the number of sorbed \
cations equivalent to the number of H' ions forced cut of the micellsf

Thege were the special questions for which we wished to find an answer

in our work.

Method of Preparing and Studying As,Os Sols

The A‘zsa sols were prepared in the usual way! by passing HZS throwg h
double distilled water / with a specific electric conductivity of (%)
J.-?.'Zl.!)'6 mho at 25°_7 while adding similtanecusly ean Aazo3 solution sat-
urated in boiling and ecoled to various temperatures, The surplus st
wes blown off by hydrogen passed through an alkalized solution of KMnO4,
through concentratad st°€* and through 2 Drexel flasks with distilled
water., Hydrogen sulfide iu ocbtained from ferrous sulfide by the action
of sulfurioc acid and washed through 3 flsske with doubly distilled water.
An A3203 solution was obtained from chemically pure A3203 which did not
leave a sediment after being heated on glass nor contain A5205 [ 19_7 .
Sol 8 was prepared with surplus Anaoj; it @44 not have the odor of st

and was not blown off by dydrogen. Sols 9 and 11 (with some slight HyS

i
i
¥

residues) are prepared in large quantities in 12 liter flasks of Pyrex

glass (steamed after bolling water in them a long time)., They were kept
in these flasks, closed with corks, in contact with the air over them in
the retorts. These sols were atudied,“pqth the fresh and the aged, under

¥
¥
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various cenditions (Table 2). The ionic exohange in them was studied at
the sate time.

Detormination of the colloid A|283 was oarried out after coagulation
of 100200 ml of hydroohloric acid sol, as desoribed in our article 197,
The article also desoribed cther methods used by us in studying solas the
deternination of conductivity (at 25°), conductometric titration of sols
and ultrafiltrates by alkali (at 25°), potentiometric determinations with
glass elsotrodes, a method of preparing ultrafiltrates and cbtaining
ultrafiltrates (always reduoing the volume of the sols two times) [ 22_7.
In addition, filtrates were studied after the coagulation of (20 ml) sols
with hydrochlorie acid (or Na Cl); they wers titrated by a 0.0l N solution
of iodine to determine the substances which reduce iodine in an acid
modium (st, SO2 and others).

To deteramine Alao , the soid filtrate was blown off with eir (to

3
eliminate H.S, eto) and, after adding sodium bicarbonate, we titrated it

2

with the same solution of iodine (sometimes we used the gravimetric method
of control). Besidas we tested the filtrates for their uzo5 content by
boiling with HNO, and (NH4) MoO4 and other methods [ 227, and for their
polythionic acid content (coagulation through the ection of NnNOB) through
the action of AgNOa in the presence of HNOB when heated (after previously
blowing off the HyS, if any were discovered) [ 18_7 o Finally, after the
cougulation of 100 ml of sol with hydrochloric acid, the Soz'in filtrates
was determined by action of 5.012 solution.

Characteristios of Fresh and Aged Sols

Since we had already studied the first stege of changes in sols [ 19_7 ’
the most interesting question now was what became of the sols in profound
changes. It was especially interesting to ascertain what free strong acide
were acoumulated in sols in aging, together with weak arsenous acid, which

appeared as a result of hydrolysing “283’ thiocarsenous and thioxyarsenous

“3a
GDNHDENTML
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acids, which stebilized the nicelles and wore unsble to acoumulate ina
free state in acid golutions becsuse of their instability [ 19_7 .

The oxidation products of st or uzo 3 oculd be such free strong acids.
Henos wo dirested our sttentien to the sbove-menticned Acidss nzs,osglzso R
HBMO‘ and others (ses method of study) .

To specd up the sging process of Al233 sols, we made use of the action
of sunlight on the AsyS, sols in somtact with the air. [ 19.7. Table 1
gives the results of the changes in sols Ay and Aa (sod *2 was cbtained from

A
1
ooourred). These changes took place for 110 days in retorte, closed with

by adding to 14 s small quentity of Alzo3 until an excess of the latter

corks, with air in sunlight. buring this time the sols disintogroted
completely and over the precipitated gediment “'283 and sulfur) thers was
formed & completely cotorless and transparent solution to which the data

from the analysisiof aged sole refer.

Table 1
- Aging of “233 gols in Contaot with tm Mr j.n Sunlighf. B
Sols A \ Az Al Az
Age 1-2 days 110 days
Storage Conditions In the derk with eir In sunlight with air
of sol x 10° mhos 6,28 6.36 L2 39
. of ultrafiltrske x 10° nhos| 1.0 Labh
i Acldity of sol, meequil./1 0.5 0452 " 25w 184 50%
Acidity of ultrafiltrate,
b n-squid/l 0.0l 0.0k
%1 H,S in #11trates, m-equie/1 Traces None None None
2: so;" " " " None none 22.8 | . 18.56
) 'i A5203 4 " " None None None Norne
E’.ﬁ Polythionic acids, meaqud../1 ;None | None None' None
i‘?
|
; coNFENTIAL
L] -

R i
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“ﬁ;b;";;éi'/i”“ 1 None 1,05 19,0%% | 15,4
pi of sol 3,60 3.60 - -
pH of ultrafiltrate L3l lo36 - -
Colloidal AsyS3, g/l 740 7.0 None None

#Pitration with a NaON solution in the presence of methyl red gaﬁ 22,75

and 18,33 meaqui./l.

#¥The gravimetric method gave 18,8 and 15.7 memol/l.

*#%Ag wo found in a special experiment, when a pure A|203 solution stands

in sunlight in oontact with the air, there is a slow accumulation of ,
HyAsO;. In the dark As 0. does not acidify /227

23
###¥By the gravimetric method 0.87 memol/1 were obtained.

As may be seen from Teble 1, the fresh Ay (with excess st) end Az
sols (with excess A3203) are almost identical and have yery little
ultrafiltrate acidity (and condustivity). After the disintegraticn of
the sols the completely clarified gluids became very acid and their acidity
coinoided with the SOZ'(%.;oontont. Obviously, other strong acids were
not formed under such conditions in A5283 sols., Neither HaAsO‘*** nor ‘
polythienic acids appeared in them. Together with oxidation products :
HZS(stoa and S) in the sols there was an acoumulation of arsencus eold,

but it can WS be titrated neither by conductometric nor by ordinary

4itration with alkall (with methyl red).

} Table 2
! Aglng of AsyS, Sols in Contact with Air
cl. . Noofsal . _ g | 9 -”.LL. -_,1.1*_3.;;,,#‘,,»\”1.;“ 1 -
1 Storage Conditions of - In dark, in contact with air 190 daye
i pols and age R — dark
! 2 2 %6 | 1 |7 210 | With 8F
? days days days day ; days |days days 1:
) . \
! of sols x 10° mhos 55 158|274k | 10.36 |18.20 (193 gt —
F .
' ud
E 5135 ihtmariliratenix 718 l{.lél'?s h | 3.22 | Se22 |68 | 121.0
— . g !v,:'.:r-'i.’,‘

il

‘
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Acidity of sols) meoqui/l \ 122 | 6430
| \ l !

1.10 1ol \%1-70 1409 \1-18

|

Acldity of ultrafiltrates ; _ |
meoqui/1 “ Traces | 0.06 | 0:50 10:07
i |

B8 in filtrates pequi/l

0.3 0.7 5e3l

Nono | Traces | Nove \0.3 | 2races | Nome Nese
i i ! |

\\I'rram’o.m 046 5465

; i !
302' in filtrates, peequi/) | None | None | 0.58
| | ‘;
0. in filtrates, pemol/l | 20.0 None  0G84¥¥¥¥ None None

Alz h

0wl 4010

PH Of lol. - =] Lo K“ 3.h6 . me - -
pH of ultrafiltrstes P B P Ry e -
. 23l

Collold As,Sq) gr/2 ‘ |
' * ; |

287 | - 2347

f Por starred notes see previcus pago_?

(AIn an article

by Krestinokays [20], there ere indications that she also

found Hp80 4 in aged ”283 8018,
Table 2 gives the oharacteristics of sols (both fresh and aged) with

on jonl 8, 9 and 11, For

which experiments o exchange were conducted:

Figure 1 shows the

curves of conduotometric titrations of sol

fresh and aged states
The

example,
ultrafiltrate 9 with & solut

ch thelr acidity was found t
of the other gols and ultraf

son of NeON in the
given in Teble 2 and 3s.
he same

and
o be that

at whi
31trates was determined in t

acidity
manner.
It may ©
contact with the
noticeably acidified,

o seen from Table 2 that sols 9 and 11, aged in the dark in

alr, were elightly acidified. The ultrafiltrates were
and the aceumulation of sul
th this acldification. This was especially noticeable
20 of thase daye peing in the light.

, arsenous acid acou-

furic acid in them was in

close correspondence wi

in the bateh of sol 11, aged 210 days,

h the degree of "aging"

in accordance wit)
lythionlo acids and solds whie

Everywhers,
h reduces iodine

mulated, bub nowhere arsenic, PO

§ in aeid medium were detected.
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Mothods and Results of Investigation of Ionic Exchange
To clarify the preblem of the process of ionlc exchange in Alzsa sols

and its complications, wo determined the "acidifiocation" which took place
on adding 5.012 and Mgclz to the sols. For this purpose we datermined the i
acidity of the filtrates cbtained after the coagulation of 200 ml of sols
with chlorides 20 to 24 hours after mixing. The determination was carried
out by titrating 10-20 ml of the filtrate by a 0.01 N solution of NaON from
a mioroburette ih the presence of methylred. The results of these titrations
coinoided with the results of potentiometric titrations with glass electrodes
[ 22_7. The conductometric method was not convenient in this instance be=
cause of the presence of salts in the filtrates. The results were recounted
for s liter of scls.
From the acidity of the filtrates we subtracted the acidity of the
ultrafiltrates obtained from separage parts of the sols by reduoing the
volume of sols two times. The ultrafiltrates were always prepared as
described in previous articles [ 19, 21, 22_7. The differences are
shown in the last line of Table 3 under the heading "aocidification",
From 100 ml of filtrates, after cosgulation of the sols, we determined
the residual concentration of Ba'* (by the weight of BaBO.,‘) and of Mg+t
(by the waight of MgzPZO,’). The number of absorbed cations was obtained 5
from the difference betwoen the original and final concentrations v
(oalculated for a liter of sols). 3
In all these caloculations the volume of the arsenic sulfide in the
‘ sols was not taken into consideration, as allowance for this volume changed
the results only slightly (from 0.0l to 0,05 meequi./l), depending on the !
concentration of electrolytes and the arsenic sulfide. This lay: within

i
I
'
£
b
L

our limits of analytical errors (approximately <0.Q meequi./l). |

O T

S

. —

.
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To ellow for whatever mnber of cations were izvolved in the inter-
micellary fluid in the formation of insoluble salts, W took 100 ml of gols !
and added 10 pl of saturated solution of NaOl and £11tered the goagulato. |
The same amount of Ball, (Mgclz) was added to 100 gl of the filtrabe.

After 24 hours, if o sediment formed, the sediment was f1ltered and the

pa ** (Mg content in the filtrate was determined, and this content was
recounted for 1 liter of sols allowing for a1l corrections for dilution

by electrolytes. According to the difference in the amounts of patt (ug" )
introduced and final quantities, the quantity of combined in intermicellary
£1uid (in the f11trate) cation in peequi ./l of sol was calculated.

Subtracting from the total amount of the sbeorbed cation in the sol
the amount combined in the intermicellary £luid by chemical reactions, we
obtained the quantity of cations sorved in the micelles (Tadle 3),

To clarify the problen of the adsorption of the chlorine cations scme
experinents were conducted in which the concentrations of ohlorine ions
{n the filtrates were dsternined after the coagulation of the sols with
pariun and sodium chlorides and nydrochloric acid, The results of these
experiments are ghown in Table 4e The eoncentration of C1™ was determined
after blowing off the filtrates with air (if st) was present. Next we
added to them HNO, and rm,.!'«(so,.)2 and & small surplus of & 0.1 K i
golution of AgN03 and p?oceoded 4o titrate the gurplus of AglNIO3 with a
0.05 N solution of NHZONS from & microburette®.

#The 8018 contained nothing but HBS in order 10 combine the Ag

jon in the presence of mlﬂaof-fwhﬁch we had been convinced by previous

experiments; st was completely eliminated by the blowing off.

Declassified in Part . Sanitised Ce
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Table 3
Ion Excha.nc’e N Asz_s_g 30’5 :Durmq Aqlr\q
A ool 9 aase Tage | ' dasl Sol 11 39¢ 210
. — Sob & | Sol 9 age Sol 4 age | Sol i, age 7 days Sol n, age 310 7’1‘:“;.’:."&«
hdded To e 2 days /Lé days In the dark 'in tne l194%)
s m O womt Dl M0
200 mt of Sols TronE | | BnE [ Bl (Zet By IOt g\t aofink IRt Bt Lo oo o
o-IN Bel, o.IN BLL, OIN Hef !, D%:’CIL QIN BaCl, oIV Hatly "_’-”&5_‘.:9{".’&#—3“1‘995’:&‘!’?7’:!@{‘2’12‘_"’_;“3' @Ciﬁnmw ?_Mfil;,
OI'ITI‘HB‘ ca::eylfra'iwz ' i . . N
g ~equi !
ﬁE‘;,f?'f"j yreeqedd 50 5o 5.0 | 10.0 | 5:0 5.0 30 |30 l.o* 1]6 5.0 5.0 {100 |10.0
Welc'h‘f of 3«-50,[
(Ma P, 0,) T 160 mL. of ot
1th3‘;.’7f33fe'°.: qra'v:s’*‘# 0.0407 6. 0463|0.0200 |0, 0298|0. 0324 | 0. 01§80 |0. 0112 | . 00y 9-COIS | 0.0D13 0.0342 0. 0110}0.0359p
Egeahibriwn €oncen -
e f Batt(Maqtt) . | 726 3.79 7‘33
" e e'f,'l.fz o Sols o-. - 3.6 | 368 | 377 |8 ¥ 2.3 | 388 | s.73 | 177 | 0.12 | C.07 | 2. 74
Pbsorbed Ba(Mg")
9 Sols +o- .- T 0a2 | 280 Vaz | 2.s9| ree | 212 V27 | 123 | 0.36)0.76 | 1-2¢ | 2.7/ | 6-2/ | 2. £r
30.*"(“17H) eembmed
n interpngecllory Flurd
of sols m_<7u-/l 2{—‘ 0 o 0 ) o. 67 o 0.04) o o. 09 Py o. 46 1/ £.871 o
olS-- -
Batt(Mg**) sorbed
by mnee?lcs---- L1321 ~32 23| 1254 | 0.97 | 1,12 .23} 7.23} o.82 | p.76 o-8ol 0.7910-70} c. &7
“Aerdity of Filtrates, .
m-t?:“':"l ot Sols - t1s V43| 182 | 1. 47| 263|163 | 132] 128 0-89|0.86 173 ) 1.12)6.09} 6.04
i ate
mﬂ-cg;zly/‘(dbglfg:f;lf '(t 'gs o (73 06 0.06 0'06 D 50 0-50 0-[3 0- ’3 00!3 o'ls o. 27 0,27 5.3[ 5—_31
SraEeateniot soled 2 VBTV pBy U A3 AI3 VIS 14 7-7st o771 0.73| 686 |0-B819.731 673
lcide |l.'.? 10M -

%-During these Copcenitrations th

lysis of 100m
* % Control was exercised From Soml of the filtrste on ot times, by a second analys:

e l.‘aayul&tlon of Th

e Sols was net complete; I thes

- 5t
L LORHDERTHAL

e s TR
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" x 0105 ":“' j
20 ?
15
// |
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K
)‘ .
5
2.0 M=equ/1
Figure 1. Conductometrio titration curves of sol 9 with alkali;
ese@a=ngged 8015 ==-0===aged ultrafiltrate; ==--x--- {resh sol; ooo
fresh ultrafiltrate
Table 4
Absorption.df Chlorine Anions by Alzs3 Sols
Sol 11 (7 days)
Added to 200 om® of eols | 7 ond ot B0 and | 20 o of 20 on’ ot
. 3 o0’ of 02 NBa HCL NaCl
oo, ) p.1 N 0.1 N
Original concentration of C1°, ; ‘
neequi/1 3.00 10.00 10.00 !
Equillbiium concentration of C1° 3.08 10.00 10.14
Absorbed €1 +0.08 +0.10 +0e1l (
; Original concentration of free acids ‘ ;
‘ in m=equi./l of sols i - . 10,13 | ;
Equilibriun acidity of sols { - L1041 3
E Absorbed H* of ions +0401 |
i | | i
i
L
: -10-
‘ |

)
5
¥

'
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Disouppion of the Ruu.ltg

1t is evident from all these data that, by introduoing up to 10 me !

equi./1 of barium or magnasium ohlorides into fresh aols,

the quantityof
sorbed cations coineides

within the range of 80ouracy of the determination !
(approximately & 0,1 meequi./1)

with the acidification of sols, one
with the other, and, as the

acidity of the ultrafiltrates from fresh sdls

is very slight, also with the aoidity of the filtrates (and sols;
-Table 2).

ses
This is identical with the cbaervetions of Rabinovich [ 1._7

and with the earlier observaticns of Whitney and Ober [ 2_7 .

1) the absence of
internmicellary fluld of fresh sols and 2)

adsorption of chlorines on the g0l micelles,

Obvicusly such a result is the consequence ol
the combining of cations in the
the absence of "molecular®

In these cases a olearly expressed ionie exchange

uncomplicated by any other processes,

takes place,

With equal concentrations of salts
exceeding the concentration of coagulation, a practioelly total displace-

ment of the H* ions from the nicelles is observed. If molecular adsorpe

tion of the chlorines takes place, an equivalent exchange is not obeerved;

besides, adsorption of the C1" ions should be observed, which cannot be

establiched by direct analyses of the filtrates, This coincides with

the cbrervations of Kargin /177, Whitney and Ober /72_7,
In aged sols the

acidity of the ultrafiltrates is more marked than

in fresh sols, and the acidification observed on adding barium and mag=

i nesium chlorides is less., The total quantity of absorbed Ba **

to the acidity of the filtrates
Mg

B ety b e

is clxe

(and sols), but the quantity of absorbed
** 1s always less than the acidity of the

less than the abgorbed Bat+

L]
[

filtrates (and sols) and

ell e
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This difference in slightly aged scls (in the dark) is not very great ’
(of the same order as in the experiment of Kergin /17.7), but in the |
greatly sged 11 (in the 1light) this difference is very great. It is evident
from Table 7 that Mg'* 4is never combined in the intermicellary fluid off
aged sols, while Ba** 1s always notlcesbly combined. If this quantity of
cormbined Ba™ icns be taken into account and subtracted from the total
quantity of ions absorbed by the sol, the difference in all cases vill be
in good agreement both with thi neeidification' and with the quentity of
sorbed magnesium ions. In our observations, carried out on 0ld sols, the
rules cbserved by Kargin /177 and partly also by Weiser /137 appeared
very clear.

It is not difficult to understand that such results depend on the
presence of sto 4 in an intermicellary fluld of aged sols. The quantity
of barium combined in the intermicellary fluid is in good agreement with
the quantity of SOZ‘ in sols. In sol 9, 0,67 m=equi./l Ba'* is combined,
and SOZ" content in a mol is 0,58 mesqui./1l; in sol 11 (standing in the
dark) 0.46 meequi./l of Be'* combined and the SO7= content is the same;
in greatly aged sol 11 Ba'™* 5.51 m-equi./l is combined, and the SOZ' content
in the =0l is 5.65 meequi./l. These results mean that the Ba'* is com-
bined in the intermicellary fluid only in the form Baso,.. In the ultra=-
filtretes of aged sols 11 and 9, on adding BaCl,, a sediment is formed
which is not soluble in HCl, but on adding Mgﬂl2 a sediment is never formed.
Thie agrees with our reason for the slightness of the probability of the }
formation of insoluble arsenites in acld soluticns. Arsenites which are 3

ocapable of being formed in small quantities, obviously, are also not absorbed

¥

' completely on A5233 particles,




;
[
|
|35
E,_]:

-
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To sum up, it must be enphacised that, on adding 3;012 to eged sols,
there takes place: first, an exohange of H* and Ba** icns end, secondly,
an interaction of 8101 with sto 4 in the intermicellary fluid.

51nco the acidity of the sol is determined only by the sum of the
micollary H* ions and by ike fres sulfuric acid (but not by arsenous acid),
ths qualtity of 6chibiled PaRiUM al¥a¥d correaponds with the solidity of
the sols and the filtrates from them (cbtained after coagulation with
barium chloride). Since Mg** ions with SDZ' ions yleld a solubke salt
and, also like Ba** ioms, do not form an srsenite precipitate, then
on adding Mgcl to the sols a combination of Mg** ions ocours only on
acoount of the exchange of Mg** with micellary H* 4ions. For this reason
the amount of scrbed Mg** in aged sols proves to be conpiderably less than
the acidity of the sols and their filtretes and less than the quantity
of sbsorbed Ba** . But if the quantity of sorbed Mg** be compared with
the "acidification" and not with the poidity of the filtrates, as, in
principle, many authors have wrongly dons, the equivalence of the exchange
of Mg”’ions 1‘v1th micellary K* ione will be discovered.

Our method of quantitative caloulation of the combination of ions
in the intermicellary fluid permits the deduction that Ba** ions dia-
place micellary H* 4ions equivalently both in aged and fresh sole*.

On adding to aged Al283 sols Sr and Ce chlorides, such intermediate
relations should be observed as those observed in adding, on the one ,
hand, l!aCJJ.2 and, on the other, MgClz, 4n conmnection with the fact that ‘"‘
the solubility of sulfates is {ncreased in the series: BaS0y, Sr804,
casol. and Mgso,*. These considerations, evidently, are in complete agree-

ment with the results of the works done by various authors on aged sols.

‘
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Conclusions

1. It hac been demonstrated that in aging “283 pols in contaot with
the air sulfuric and arsencus acids are accunulated and that sulfurie
aoid conditions the acidification of the sols.

2. A sizple method is offered for a quantitative caloulation of
the formation of insoluble salte on sccount of the reaction gl in
the intermicellary fluid of txgigglg,::ﬁ::d;loctrolyt01i are added.

3, By using this method, it has been shown that the ionic exchange
in aged A|283 sols proceeds also equivalently in manner similar to that
in fresh sols, although in aged sols it is complicated in some instances

by intermicellary reactions.

Krasnodar Entered at the Editorial Office
State Pedagogical and Teacher Institute 4 February 1947

#A conclusion, like that reached by us in studying the
ion exchange in sulfur sols Vg 187,
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